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N-linked glycans were released from chicken ovalbumin by hydrazinolysis and examined by
matrix-assisted laser desorption/ionization mass spectrometry. Postsource decay analysis
showed that most fragment ions arose as the result of internal glycosidic cleavages involving
loss of nonreducing terminal residues from ions that had lost one or both GlcNAc residues
from the chitobiose core [GlcNAcb(13 4)GlcNAc]. Cross-ring fragments were abundant from
the reducing-terminal GlcNAc but other cross-ring fragments were weak. The ion found to be
most useful for determining the composition of the antennae attached to the 3- or 6-linked core
mannose residues was an internal cleavage ion formed by loss of both the chitobiose core and
the antenna linked to the 3-position of the core branching mannose. This ion was observed to
lose water in the absence of a “bisecting” GlcNAc residue (b13 4 linked to the core mannose)
and to lose a GlcNAc molecule (221 mass units) when a bisecting GlcNAc residue was present.
(J Am Soc Mass Spectrom 2000, 11, 572–577) © 2000 American Society for Mass Spectrometry
Matrix-assisted laser desorption/ionization(MALDI) mass spectrometry is proving in-valuable for the analysis of N-linked glycans
from glycoproteins [1, 2] because, in contrast to fast
atom bombardment (FAB) mass spectrometry, strong
signals can usually be obtained without the need for
derivatization. The technique provides a rapid method
for profiling N-glycan mixtures and fragmentation ex-
periments provide additional structural information [3,
4]. Although both in-source and postsource decay (PSD)
fragment ions can be obtained under suitable condi-
tions [4], spectral interpretation is frequently compli-
cated by the appearance of abundant internal cleavage
ions, many of which arise from several competing
fragmentation pathways. Nevertheless, the relative
abundance of these internal ions can, in some cases,
reflect structural details of the glycans. Of particular
interest are ions revealing the presence of a “core”
fucose (fucose linked to the reducing-terminal GlcNAc
residue), the presence of a “bisecting” GlcNAc residue
(GlcNAc linked to the 4-position of the core branching
mannose) and the composition of the antennae.
One of the problems associated with defining frag-
mentation modes in the PSD spectra of these com-
pounds is the provision of suitable reference glycans as
only a few are available commercially and, of these,
most are symmetrically substituted. We have, therefore,
investigated asymmetrically substituted glycans re-
leased directly from glycoproteins in the search for
structurally informative PSD ions. In this paper, PSD
spectra are examined from the three types of N-linked
glycans, high mannose, hybrid and complex, from
ovalbumin and related glycoproteins.
Experimental
Materials
Ovalbumin, grade V, was obtained from Sigma Chem-
ical, Poole, Dorset, UK. 2,5-Dihydroxybenzoic acid
(2,5-DHB) and 2(49-hydroxyphenylazo)benzoic acid
(HABA) were obtained from Aldrich Chemical, Gilling-
ham, Dorset, UK. Solvents were from Merck (Poole,
Dorset, UK) and were freshly distilled before use.
Release of Oligosaccharides From Ovalbumin by
Hydrazinolysis
Oligosaccharides were released from ovalbumin by
heating with hydrazine (40 mL) at 85 °C for 12 h [5]. The
excess of hydrazine was removed by evaporation and
the glycans were re-N-acetylated with acetic anhydride
in a saturated aqueous solution of sodium bicarbonate.
Sodium salts were removed with a column containing a
fivefold binding excess of Dowex AG 50W-X12 (H1)
resin (200–400 mesh, 750 mL) and peptides were re-
moved by chromatography on microcrystalline cellu-
lose in butanol:ethanol:water (4:1:1, v:v:v) at room tem-
perature. The glycans were eluted with water and dried
using a rotary evaporator.
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MALDI Mass Spectrometry
PSD spectra were recorded from 2,5-DHB and HABA
with a Micromass TOFSpec 2E mass spectrometer
(Micromass, Wythenshawe, Manchester, UK) in posi-
tive ion mode with the laser power adjusted to 80% of
maximum. The width of the selected precursor ion
window varied from 12 m/z units at m/z 1000 to 19 m/z
units at m/z 2500; the selected precursor was centered in
the window. Samples were crystallized with 0.5 mL of
the saturated 2,5-DHB solution in acetonitrile and then
recrystallized from ethanol [6]. Spectra were recorded
in 12 segments, each containing ions from 100 laser
shots. These segments were acquired in 10 shot units,
and averaged, with the laser spot being continually
moved over the target surface in order to compensate
for sample depletion.
Results and Discussion
Profiling of Constituent Glycans by MALDI Mass
Spectrometry
Glycans were released from the ovalbumin samples by
hydrazinolysis, re-acetylated, and, after purification,
were examined by MALDI mass spectrometry with
2,5-DHB as the matrix. The resulting profile is shown in
Figure 1. All ions are sodium cationized. As discussed
earlier [7] the larger glycans in this mixture actually
originate from co-purifying glycoproteins present in the
ovalbumin sample. Full structural analysis of the gly-
cans was discussed in the earlier paper and is consistent
with reports from other laboratories [e.g., 8–14]. Further
analysis by HPLC showed that all glycans used for the
PSD study consisted essentially of a single isomer.
MALDI-PSD Mass Spectra
Although matrices such as a-cyano-4-hydroxycinnamic
acid (4-HCCA) often produce more PSD fragmentation
than 2,5-DHB, the ionization efficiency for carbohy-
drates is lower from 4-HCCA than from DHB or HABA,
with the result that there was no significant advantage
to be gained with this matrix. HABA gave a slightly
weaker signal than 2,5-DHB although the beam could
be maintained for longer from a single sample spot. As
the fragment ions in general were rather weak, the
matrix giving the strongest PSD signal, DHB, was used
in this work. About 50–100 pmol of glycan were usually
required to give satisfactory spectra. Spectra were
smoothed and the masses were measured to within 0.5
mass units of their calculated masses. Measured masses
are given in the text.
High-mannose glycans. PSD spectra of the glycans
(Man)5(GlcNAc)2 (m/z 1257.4) and (Man)6(GlcNAc)2
(m/z 1419.5) (Figure 2a) were found to be identical to
those obtained from authentic samples of these com-
pounds. The spectra contained B, Y, and cross-ring
fragments (Domon and Costello nomenclature [15]) as
shown in Figure 2a for (Man)6(GlcNAc)2. The B ions
involving loss of one (m/z 1199.0, calculated average
Figure 1. Positive ion MALDI mass spectrum of the glycans
released from ovalbumin by hydrazinolysis. Symbols: Filled
square 5 GlcNAc, open circle 5 mannose.
Figure 2. (a) PSD MALDI Mass spectrum of the high-mannose
glycan (Man)6(GlcNAc)2. The spectrum has been smoothed with a
Savitsky-Golay algorithm (15 point). Two ion series are shown:
loss of mannose residues from the molecular ion and the B4 ion.
Symbols are as in Figure 1. (b) Fragmentation scheme of the
high-mannose glycan (Man)6(GlcNAc)2. All ions are sodium cat-
ionized.
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mass m/z 1199.0, B4) or both (m/z 995.3, calculated 995.8,
B3) of the reducing-terminal GlcNAc residues were
dominant. 0,2A5 and
2,4A5 cross-ring cleavages of the
reducing-terminal GlcNAc were prominent and consis-
tent with the b1 3 4 linkage of the chitobiose core. A
3,5A4 cross-ring fragment was also observed at m/z
1068.2 in the spectrum of (Man)6(GlcNAc)2 and m/z
907.4 in the spectrum of (Man)5(GlcNAc)2. The corre-
sponding cross-ring cleavage of the core mannose,
which has been reported in the PSD spectra of higher
mannose-containing glycans [16], and which enables
the branching pattern of the antennae to be determined,
was too weak to be diagnostically useful.
Most of the other ions in the spectra were internal
fragments arising from losses of one or more mannose
residues from these cross-ring fragments or from the B
ions. The possibility that these internal cleavage ions,
could have been formed by internal residue losses and
rearrangement, rather than by simply combinations of
B- and Y-type cleavages, as has been observed from
MH1 ions generated by FAB mass spectrometry [17,
18], was excluded following a recent report [19] which
shows that MNa1 ions apparently do not undergo
rearrangements of this type.
The B ions of composition (Hex)nNa
1 reflected the
fact that these high-mannose glycans contained linked
mannose residues. The (Hex)nNa
1 ion of highest mass
that was observed in these spectra [m/z 833.3 and 995.3
for (Man)5(GlcNAc)2 and (Man)6(GlcNAc)2, respective-
ly], and in those of larger high-mannose glycans, was
invariably abundant and defined the number of contin-
uously linked mannose residues. Because of the absence
of rearrangement ions, these polymannose ions were
useful for identification of high-mannose or hybrid
structures.
The branching pattern of these high-mannose gly-
cans, but not the distribution of mannose residues
between the 3- and 6-arms, was reflected in the relative
abundances of ions formed by loss of mannose residues
from the molecular ion and from the B and cross-ring
fragment ions. (In this paper, the term “molecular ion”
is defined as the sodium-cationized molecule.) In the
spectrum of (Man)6(GlcNAc)2 (Figure 2a) losses of one
(Y4 cleavage), two (Y3b cleavage), three (Y3a cleavage),
or six mannose residues (Y2 cleavage), but not four or
five, were seen from the molecular ion, the B3 and the B4
ions, consistent with the structure shown in Figure 1.
Those from the molecular and B4 ions are highlighted in
Figure 2a.
Distribution of mannose residues between the anten-
nae was reflected in the relatively high abundance of
the internal B3/Y3b fragment ion (termed ion D; Scheme
1). This ion contained four mannose residues and was
the result of a loss of one or two mannose residues from
the 3-antenna of the B3 ion in the spectra of
(Man)5(GlcNAc)2 and (Man)6(GlcNAc)2, respectively
[20]. Thus, in the spectrum of these two compounds, the
mass of this ion (m/z 671) reflected the presence of the
three mannose residues in the 6-antenna. Ions of com-
position (Man)nNa
1, where n 5 1 to a number equal to
the number of mannose residues in the molecule, were
present at all values of n but the two most abundant
ions of this type were always those of type D and the
ion containing all mannose residues. This was verified
by additional spectra from reference samples of the
molecules (Man)n(GlcNAc)2 where n 5 7, 8, and 9
(data not shown). This pattern of fragments is essen-
tially similar to that found by Rouse et al. [21] for
high-mannose glycans.
Hybrid glycans. The PSD spectra of the hybrid glycans
were more difficult to interpret than those of the
high-mannose structures because of coincidences in
mass between internal fragment ions formed by several
different mechanisms. The spectra of the glycan of
composition (Man)5(GlcNAc)3 (m/z 1460.5, see Figure 1)
contained the ion of type D at m/z 671.4 (calculated
m/z 671.4) consistent with the structure of a
(Man)5(GlcNAc)2 glycan possessing an additional Glc-
NAc residue on the 3-antenna. The ion remained at this
position in the spectrum of the compound at m/z 1622.6
which possessed a further galactose residue in this
antenna. The compound at m/z 1866.7 had an additional
GlcNAc residue at the 4-position of the core mannose
(“bisecting” GlcNAc) [9] causing the ion of type D to
shift to m/z 874.8 (calculated m/z 874.6). The two glycans
of composition (Hex)4(GlcNAc)4 (m/z 1501.5) and
(Hex)4(GlcNAc)5 (m/z 1704.6) exhibited ion D at m/z
712.3, consistent with the presence of two mannose
residues in the 6-antenna.
The presence of a bisecting GlcNAc residue in these
compounds was revealed by the appearance of a frag-
ment ion formed by loss from ion D of a GlcNAc
molecule (221 mass units) rather than the more normal
GlcNAc residue (203 mass units) (m/z 654.9, calculated
m/z 653.5, Figure 3a). A similar fragmentation has been
seen in the high energy collision-induced desorption
spectra of these bisected compounds [20]. Also consis-
tent with this structural feature was the absence of an
ion corresponding to loss of water from the ion of type
D. When bisecting GlcNAc residues were not present in
these compounds, such as in the high-mannose glycans
discussed above, the ions of type D were observed to
fragment further by loss of water rather than by loss of
GlcNAc. Thus, the presence of an ion appearing at 221
mass units below the mass of the type D ion would
appear to be indicative of the presence of a bisecting
GlcNAc residue. Ion D was also observed to fragment
by loss of one and two mannose residues (162 mass
units) or a GlcNAc residue (203 mass units) (Figure 3a).
Scheme 1. Formation of ions of type D and loss of a GlcNAc
residue seen in the spectra of bisected glycans.
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The remainder of the spectrum of each of these
hybrid glycans resembled that of the high-mannose
glycans in that the major ions were B- and Y-type
glycosidic primary and internal fragments (see Figure
3a).
Complex glycans. The complex glycans that lacked ga-
lactose were dominated by the compounds with com-
positions (Man)3(GlcNAc)3–8 (m/z 1136.4, 1339.5, 1542.6,
1745.6, 1948.7, and 2151.8, see Figure 1). All of these
glycans contained a bisecting GlcNAc residue (see Da
Silva et al., [9]) with the other GlcNAc residues distrib-
uted among the 3- and 6-antennae. The PSD spectra
were dominated by losses of GlcNAc residues from the
four main primary fragments (B4, B3,
0,2A5, and
3,5A5)
noted earlier. Those originating from the molecular ion
are highlighted in Figure 4a. The distribution of GlcNAc
residues between the antennae could not be discerned
from the relative abundance of these glycosidic frag-
ments. However, the internal fragment ion of type D,
although weak because of the prominent, competing
losses of GlcNAc, was diagnostic.
In the PSD spectrum of (Man)3(GlcNAc)8 (m/z 2151.8)
(Figure 4a), this ion appeared at m/z 1160.2 (calculated
m/z 1160.1) corresponding to a composition of
(Man)2(GlcNAc)4. This mass indicates the presence of
three GlcNAc residues on the 6-antenna, together with
a bisecting GlcNAc, consistent with the known struc-
ture for this glycan from ovomucoid [11–14] and
chicken riboflavin binding protein [10]. The presence of
this bisecting GlcNAc was reflected by the loss of 221
mass units (m/z 939.7, calculated m/z 938.8) and the
absence of an ion formed by loss of water from ion D.
Ion D appeared to fragment further by successive losses
of GlcNAc to give the ions at m/z 957.3, 754.1, and 550.7
as shown in Figure 4a. However, with this complex
glycan, the spectrum could be interpreted as that from
a mixture. The ion at m/z 957.3, which represents an ion
of type D containing only two GlcNAc residues on the
Figure 3. (a) PSD MALDI mass spectrum of the hybrid glycan
(Man)5(GlcNAc)4. The spectrum has been smoothed with a
Savitsky–Golay algorithm (15 point). Symbols are as in Figure 1.
(b) Fragmentation scheme of the hybrid glycan (Man)5(GlcNAc)4.
All ions are sodium cationized.
Figure 4. (a) PSD MALDI mass spectrum of the complex glycan
(Man)3(GlcNAc)8. Symbols are as in Figure 1. (b) Fragmentation
scheme of the complex glycan (Man)3(GlcNAc)8. All ions are
sodium cationized.
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6-antenna, also fulfils the criteria of a D-type ion from a
bisected glycan because the ion at m/z 736.0 can be
interpreted either as a loss of 221 mass units from m/z
957.3 or a loss of 203 mass units from m/z 940.1 (the ion
formed by loss of 221 mass units from ion D). Thus,
although the presence of ion D at m/z 1160.2 confirms
the presence of the complex glycan containing a trisub-
stituted 6-antenna, the known structure for this glycan,
it would be difficult to exclude the presence of a
disubstituted antenna in a sample where the structure
was unknown. Because of the ready loss of the many
GlcNAc residues from the primary cleavage ions, cross-
ring fragments, other than those from the reducing-
terminal GlcNAc residue, were not sufficiently abun-
dant to be diagnostically useful.
The PSD spectrum of the glycan of composition
(Man)3(GlcNAc)7 (m/z 1948.7) contained the type D
ion series at m/z 955.6 [(Man)2(GlcNAc)3], 752.6
[(Man)2(GlcNAc)2], and 549.8 [(Man)2(GlcNAc)1]. No
ion was present corresponding to a composition of
(Man)2(GlcNAc)4 (m/z 1160.1). Thus, this glycan must
have the structure shown in Figure 1 containing only
two GlcNAc residues on the 6-antenna. The existence of
the bisecting GlcNAc residue was reflected by the
presence of an ion at m/z 734 corresponding to ion
D2GlcNAc. Unlike the spectrum of (Man)3(GlcNAc)8
(m/z 2151.8, above) there was no ambiguity in the
interpretation of these fragment ions. This structure is
consistent with that for the glycan of this composition
reported from ovomucoid by others [10–14].
The PSD spectrum of the glycan with the composi-
tion (Man)3(GlcNAc)6 (m/z 1745.6) contained no ions of
type D at m/z 1160.1 or 956.9. The highest mass ion of
type D appeared at m/z 754.2 corresponding to a com-
position of (Man)2(GlcNAc)2 (calculated m/z 753.7). This
mass indicated a structure containing one GlcNAc
residue on the 6-antenna, a bisecting GlcNAc and two
GlcNAc moieties on the 3-arm, again consistent with
the structure reported earlier [9]. Similarly, the presence
of the ion at m/z 754.2 in the PSD spectrum of
(Man)3(GlcNAc)5 (m/z 1542.6) indicated substitution by
one GlcNAc residue on each of the antennae.
Addition of a galactose residue to these complex
glycans complicated the spectra because of the Y-type
loss of Gal-GlcNAc in addition to GlcNAc residues
(Figure 5). This process produced an additional series of
ions, differing by 203 mass units (GlcNAc), such as
those at m/z 1950.5, 1746.1, 1543.6, and 1340.8 in
Figure 5 formed by losses of GlcNAc from this
[M—(galactose-GlcNAc)]Na1 ion (388 mass units).
The shift of ion D from 1160.2 to 1322.5 in the
spectrum of (Gal)1(Man)3(GlcNAc)8 (m/z 2313.9) is
consistent with substitution of the galactose residue
on the 6-antenna. Yamashita et al. [12] have reported
substitution of galactose at the 4-linked GlcNAc
residue of both antennae in hen ovomucoid but the
compound containing substitution of the 6-antenna
was the most abundant, consistent with the results
reported here.
Conclusions
The MALDI-PSD spectra of the complex glycans clearly
revealed the presence of the large number of nonreduc-
ing terminal GlcNAc residues but in other respects, the
spectra were not as informative as those of glycans
containing less branching. Cross-ring fragments, except
those originating from the reducing-terminal GlcNAc
residue, were of low relative abundance or absent, thus
making the determination of linkage difficult. The pres-
ence of a large number of internal fragment ions further
complicated the spectral interpretation. The ion found
to be of most use in determining the composition of the
antennae was the internal fragment formed by loss of
the chitobiose core and the 3-antenna. This ion, termed
ion D, was relatively abundant in most spectra and
could be used, not only to determine the composition of
the 6-antenna, but also to detect the presence of a
bisecting GlcNAc moiety by its further fragmentation
by loss of water (no bisecting GlcNAc) or by loss of an
intact GlcNAc molecule (presence of a GlcNAc residue).
In the spectra of mixed glycans, ions of type D could be
used to determine the structure of the compound with
the most highly substituted 6-antenna but the presence
of less highly substituted compounds was masked by
fragment ions from the larger structure.
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